We report our short-term and mid-term results with sutureless repair of postinfarction subacute left ventricular free wall rupture (LVFWR). For this purpose, we evaluated the short-term and mid-term postoperative results assessed by clinical examination and echocardiography of all patients who underwent surgery for subacute LVFWR between January 2004 and January 2009. Twenty-one patients were operated. Direct suture repair of LVFWR was carried out in only one patient. In all other cases we used a pericardial patch with biological glue. Early mortality was 19% (ns4). The median duration of follow-up was 17.3 months (interquartile range, 5-38.7), with a 13-month survival of 76%. Follow-up echocardiography showed no constriction associated with the rupture zone in any patient. According to our early experience, sutureless LVFWR repair is safe, effective and reproducible, and offers acceptable morbidity and mortality during follow-up.
Introduction
Left ventricular free wall rupture (LVFWR) is a serious and often fatal complication of acute myocardial infarction (AMI) w1x. It is estimated that 14-26% of all deaths due to AMI are a consequence of this complication w2x, although the incidence of LVFWR secondary to AMI does not exceed 1% w3x.
In 90% of all cases, LVFWR occurs in the first two weeks after infarction. Two well-differentiated clinicopathological patterns are distinguished w4, 5x: acute rupture, comprising acute, early, extensive, and deep myocardial rupture which usually proves fatal; and subacute rupture, which is characterized by late-onset myocardial hemorrhagic suffusion and involves a more benign prognosis.
Conservative management of subacute LVFWR using sutureless techniques (involving pericardial or other patches and biological glue) has gained popularity in the past decade, with quite promising results w6, 7x. However, the existing literature on the subject is still limited; as a result, much remains to be known of the safety and efficacy of such techniques. We report our short-term and mid-term results with the surgical repair of subacute LVFWR secondary to AMI. *Corresponding author. Secretaria del Servicio de Cirugía Cardiaca, Hospital Clínico San Carlos, Calle Martín Lagos, syn, 28040, Madrid. Tel.: q34 615238104yq34 913303691.
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Patients, materials and methods
A retrospective evaluation was made of all patients operated upon in our institution for post-AMI LVFWR between January 2004 and February 2009. Clinical, anatomical and anthropometric data were collected before, during, and after the surgery. Likewise, the patients were subjected to follow-up with clinical and echocardiographic evaluation. This study was approved by the Institutional Review Board of Hospital Clínico San Carlos.
Surgical technique
A midline sternotomy was performed in all cases. In those patients where LVFWR was the only mechanical complication of AMI, direct repair was carried out, without cardiopulmonary bypass (CPB) support. The rupture zone was identified (Fig. 1) . A heterologous bovine pericardial patch wPERIGUARD (Synovis )x was cut to adequate size to cover ᮋ ᭧ the zone, and 2-octylcyanoacrylate biological glue wDERMABOND (Ethicon )x (Fig. 2 ) was applied to one of ᮋ ᭧ the surfaces of the patch, which was then applied to the rupture zone (Fig. 3) . In more complicated cases involving severe post-AMI acute mitral valve regurgitation or ventricular septal defect, ECC-supported surgery with systemic heparinization proved necessary. In such situations, we preferred suture closure of the LVFWR zone, due to the high risk of bleeding. When allowed by the hemodynamic condition of the patient, and after identifying coronary lesions amenable to surgical revascularization, the pertinent coronary anastomoses were made. 
Follow-up
We evaluated the incidence of major adverse events during the postoperative period (during the hospital stay or 30 days after the operation). For follow-up, patients were contacted by telephone and underwent clinical and echocardiographic evaluation.
Adverse events
Cardiac and non-cardiac mortality was assessed during the postoperative period, along with the incidence of repeat free wall rupture and bleeding complications. We also recorded other complications, such as myocardial infarction, cerebrovascular accidents, mediastinitis, renal failure (with hemofiltration or hemodialysis), etc. During follow-up, we recorded the occurrence of new LVFWR and patient survival. In addition, follow-up echocardiography evaluated left ventricle contractility and the occurrence of pericardial constrictions and aneurysms or pseudoaneurysms in the patch implantation zone.
Statistical analysis
Qualitative variables were reported as absolute (n) and relative (%) frequencies. Quantitative variables in turn were expressed as the median and interquartile range (IQR). The survival curves were plotted using the KaplanMeier method. The SPSS version 15.0 statistical package ᮋ for Microsoft Windows was used. 
Results

Sample
In the period between January 2004 and January 2009, we diagnosed 27 cases of post-AMI LVFWR. Six patients died shortly after admission. The remaining 21 patients underwent surgery. Cardiovascular risk factors and other relevant history of these patients are shown in Table 1 .
The median time elapsed from AMI to the diagnosis of LVFWR was two days (IQR, 1-4). Once the diagnosis was established, patients were stabilized in the intensive care unit and then underwent surgery. The time elapsed from the diagnosis to the operation was 2.5 h (IQR 1-4). The median troponin I peak was 51 ngyml (IQR, . In all cases the diagnosis was established on the basis of the clinical condition, physical examination, and echocardiography. Fourteen patients were in critical condition (according to EuroSCORE criteria w8x) at the time of the diagnosis: 3 (14.3%) required advanced cardiopulmonary resuscitation maneuvers shortly before surgery, 9 (42.9%) were in a state of cardiogenic shock at the time of the operation, and 2 (10.5%) presented acute heart failure. The rest (ns7; 33.3%) were hemodynamically stable.
Based on the electrocardiographic and echocardiographic findings, anterior infarction was identified in 10 cases (47.6%), inferior infarction in 5 (23.8%), lateral infarction in 3 (14.3%), and multiple infarction in the rest. Thirteen patients (61.9%) presented left ventricular dysfunction, with an estimated ejection fraction below 40%. Additionally, 2 (9.5%) had severe pulmonary hypertension (pulmoDownloaded from https://academic.oup.com/icvts/article-abstract/8/6/619/881950 by guest on 08 March 2019 ACVA, acute cerebrovascular accident; COPD, chronic obstructive pulmonary disease. Data are expressed as absolute (n) and relative (%) frequencies, and median with interquartile range (IQR). nary arterial systolic pressure G60 mmHg). In 11 of the 21 patients, coronary angiography had been performed prior to the diagnosis. Four patients (19%) presented triple-vessel disease, 2 (9.5%) had two diseased arteries, 2 (9.5) presented single-vessel disease, and another three patients (14.3%) showed no coronary lesions in any major coronary vessels. Six of these patients had undergone rescue percutaneous revascularization between one and seven days before the LFWR.
Surgical treatment
The median mortality rate estimated by logistic regression according to the EuroSCORE risk scale w8x was 25.1 (IQR, 19.5-29.9).
Twenty of the 21 patients (95.2%) were operated without ECC support. In all these patients, we treated the rupture zone with a heterologous pericardial patch and biological glue. Patients hemodynamically unstable were stabilized with inotropic drugs support (ns20), intraaortic balloon pump counterpulsation (ns3), coronary artery bypass grafting (ns1) or percutaneous coronary artery angioplasty shortly after surgery (ns3). The two patients that had received cardiopulmonary resuscitation maneuvers shortly before surgery did so because of cardiac tamponade. They underwent a pericardiocentesis before surgery and were stabilized in the intensive care unit before the moment of the operation. None of these patients, therefore, was assisted with cardiopulmonary bypass during surgery.
The remaining case corresponded to a patient with ventricular septal defect and LVFWR, both secondary to AMI. In this case, we used an exclusion technique with a ventriculotomy through the ventricular free wall rupture. The rupture area was subsequently closed with polypropylene sutures supported on autologous pericardium. One patient was also treated with a complete surgical revascularization.
Postoperative period
Postoperative outcomes are shown in Table 2 . Four patients (19%) died in the immediate postoperative period.
In two cases (9.5%), death resulted from an acute transmural cardiac rupture with incoercible bleeding in areas of myocardium close to those that had been repeated. The other two deaths (9.5%) were due to intractable cardiogenic shock.
As regards the major postoperative complications, three patients (14.3%) required prolonged orotracheal intubation for )24 h (two required a tracheotomy). Two patients experienced renal failure that was treated with continuous veno-venous hemofiltration. One patient presented mediastinitis requiring reintervention. Two patients had severe congestive heart failure that was medically treated. Three of the 17 survivors underwent elective coronary angioplasty in the postoperative period.
The median duration of the postoperative stay in the Intensive Care Unit was 3 days (IQR, 2.5-5). The median postoperative hospital stay was 12 days (IQR, 5.5-16.5).
Follow-up
Sixteen of the 17 survivors were contacted during followup. Patients who had not received a coronary angiography Downloaded from https://academic.oup.com/icvts/article-abstract/8/6/619/881950 by guest on 08 March 2019 Mitral E, ventricular protodiastolic filling wave; Mitral A, ventricular telediastolic filling wave; TDE (ms), E wave desacceleration time; Pulmonary S/ D, relationship between systolic and diastolic wave pulmonary vein flows; Ey e9, relationship between mitral E and tissular e waves; LA, left atrial diameter; LVEF, left ventricular ejection fraction; Tissular S, Tissular Doppler wave highest speed; TDV 3d, 3-dimension telediastolic volume; TSV 3d, 3-dimension telesystolic volume. during the peri-operative period (ns4) did so early after discharge. Two patients underwent percutaneous revascularization in the follow-up. The other two didnot have amenable vessels for coronary angioplasty.
The median follow-up for the survivors was 17.3 months (IQR, 5-38.7). Two patients (11.8%) died during follow-up. One of them (5.9%) died of complicated out-of-hospital pneumonia, while the other died of AMI. Survival after 30 months was 76%. There were no new cases of LVFWR during follow-up (Fig. 4) .
In eight of the 17 survivors during follow-up, we were able to conduct follow-up echocardiography to evaluate the presence of left ventricle aneurysms or pseudoaneurysms, pericardial constriction in the patch implantation zone, and left ventricle ejection fraction. Three patients had developed an aneurysm in the LVFWR zone (37.5%). No pseudoaneurysms were observed. Likewise, none of the patients showed evidence of pericardial constriction ( Table  3 ). The median left ventricular ejection fraction of these patients was 45% (IQR, 42-54.5).
Discussion
LVFWR is one of the most common (1%) and serious mechanical complications of AMI w2, 3x. Its acute presentation is usually fatal, whereas subacute LVFWR often allows surgical management w5x.
Different surgical techniques have been developed over the years for the management of LVFWR.
Infarctectomy with direct closure using a sutured patch, or direct closure with ECC w9x, has fallen into disuse as a result of the generalized adoption of biological glues. Such techniques are more complicated; suturing must be made over friable myocardial tissue, and heparinization associated with ECC increases the risk of postoperative bleeding. These procedures are possibly now limited to the management of acute massive ruptures w7x.
Padro et al. w10x reported excellent LVFWR closure results using non-sutured Teflon patches with biological glue. ᮋ Many alternatives have been described in the literature, involving Dacron or autologous pericardial patches w11, ᮋ 12x, and using different biological glues w7x. These less invasive techniques have yielded excellent results, with acceptable morbidity and mortality. However, the patient series found in the literature are still small. We have reported our short-term and mid-term clinical and echocardiographic results in 21 patients consecutively operated for subacute LVFWR secondary to AMI.
In all but one of our cases, we used a sutureless technique with the application of a heterologous pericardial patch wPERIGUARD (Synovis )x and biological glue (2-octylcy- to adequate size to cover the LVFWR zone, impregnating one of its surfaces with the biological glue. The affected myocardial area was then covered with the patch. The remaining case corresponded to a patient with ventricular septal defect and LVFWR secondary to AMI. In this case, we repaired both defects with direct polypropylene suturing and bovine pericardium. Our short-term results are similar to those reported in other series w6, 7, 10x. Early mortality (ns4, 19%) was essentially due to repeat free wall rupture (ns2, 9.5%) or cardiogenic shock secondary to the initial AMI (ns2, 9.5%). None of the survivors required early reintervention due to bleeding complications.
Mid-term follow-up also yielded acceptable results, with morbidity and mortality that were not attributable to the surgical technique employed, and which was probably conditioned by the age of the patients, and by concomitant disorders other than post-AMI LVFWR. Follow-up echocardiography also yielded interesting data, such as the absence of pericardial constrictions in the repaired LVFWR zone, or the preservation of left ventricular ejection fraction. To date, only Canovas et al. w6x have reported echocardiographic data over follow-up.
The appearance of pseudoaneurysms in the pericardial patch-covered zone was one of our concerns during the follow-up of these patients. Such complications were feasible, since the patch could contain a transmural myocardial rupture subsequently evolving towards a pseudoaneurysm, with consequent surgical intervention. None of our patients presented this complication, however. To date, we have found no other studies on this subject in the literature.
Conclusions and limitations
Sutureless subacute LVFWR repair using a patch and biological glue (2-octylcyanoacrylate) is reproducible, effective, and safe. Our short-term and mid-term results seem to corroborate those of other series published in the literature.
In the same way as in earlier publications, the limitations of our study are those inherent to small sample sizes. It is therefore essential to increase the number and size of the patient series. The long-term results of the technique also require evaluation in order to establish scientifically sound indications for the surgical management of this pathology.
